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Abstract 
For lots of areas in the world, the indoor thermal environment is terrible both in summer and in winter. The thermal environment 
needs to be improved for both the two seasons. A new type of phase change material (PCM) room is proposed in this paper. That 
is to lay two different kinds of PCM on room envelopes of different orientations. In this paper, the new PCM room and room 
without PCM are all built. Experiment is done for the two rooms under actual climate condition. Indoor air temperature, wall 
internal surface temperatures are measured. Results show that the new type of PCM room can improve indoor thermal 
environment in summer and winter. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
The use of phase change material (PCM) in building envelopment can increase the thermal inertia of the wall and 
decrease the fluctuation of the indoor air temperature, so as to improve the indoor thermal environment. It can also be 
used with cooling/heating system to storage energy during the night when the electricity price is low, and release 
energy during the day when the electricity price is high. So the use of PCM in building energy saving is of considerable 
interest in the last decades[1]. 
Scalat S[2] tested a full scale latent heat storage wallboard. Two identical rooms were used; one with ordinary 
gypsum wallboard and the other with PCM impregnated gypsum wallboard. For both heating and cooling operation 
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the PCM wallboard room exhibited a better thermal behavior. Schossig P[3] investigated the effect of micro-
encapsulated phase change materials in a real building. During the summer season, the air temperature difference 
between a room with PCM and the reference room without PCM was about 4ć. Fang X and Zhang Z[4] developed a 
new composite material by blending an organic PCM with an organic-modified montorillonite. They fabricated and 
tested several gypsum boards with PCM in small rooms (70×70×70 mm), consisting of five conventional gypsum 
boards and a gypsum-PCM board. The tested board contained: no PCM, 20% of PCM, and 50% of PCM. The results 
showed a reduction of the indoor temperature variation, improving with the increase of PCM used in the board. Cabeza 
L F[5] determined experimentally the benefits of a new composite material, mixing Micronal from BASF with concrete. 
The study in the framework of the European project MOPCON, demonstrated the improvements that can be achieved, 
reducing the temperature up to 4ć. Frederic K [6] carried out experiments in a full-scale test room which is completely 
controlled. A numerical modeling has been used to investigate energy storage. Five millimeters of PCM wallboard 
double the energy that can be stocked and destocked during the experiment. Berroug F [7] analyzed and discussed the 
thermal performance of a north wall made with phase change material (PCM) as a storage medium in east-west oriented 
greenhouse. Results showed that with an equivalent to 32.4 kg of PCM per square meter of the greenhouse ground 
surface area, temperature of plants and inside air were found to be 6-12ć more at night in winter period with less 
fluctuation. Entrop A G [8] presented an experimental research on a new use of PCMs in concrete floors. It was aimed 
to reduce the need for thermal energy of conventional heating in houses. The results showed that the application of 
PCMs in concrete floors leads to a reduction of maximum floor temperature up to 16±2% and an increase of minimum 
temperatures up to 7±3%. Sage Lauck J S. and Sailor D J [9] constructed a passive house to monitor indoor 
environmental quality metrics and building energy use. They found that installation of the PCM had a positive effect 
on thermal comfort, reducing the estimated annual overheated hours from about 400 to 200. 
It can be seen that most researches have focused on the thermal performance of PCM wall in summer or winter, but 
in some areas of the world, the indoor thermal environment requires to be improved both in summer and in winter. 
The energy consumption needs to be reduced for both cooling and heating systems. Morshed A [10] found that the 
optimum PCM melting range for lowest energy consumption in each month of the year was far from unique. Different 
PCM was found to be effective in different times of the year. For this purpose, new types of PCM wall appeared. 
2. Description of the experimental set-up 
2.1 Test rooms and materials 
 
Fig. 1. Experimental test rooms 
The experimental installation consists of two identical small rooms as shown in Fig 1. The sizes of the new PCM 
room and the reference room are all 1000mm×1000mm×1000mm with one double glazing window( 670mm×670mm) 
at the south side of each room. The compositions of the walls are shown in Table 1. 
Two different kinds of PCM (SP29 and RT18) are placed on the interior surfaces of the new PCM room as shown 
in Fig 2. The arrangements of the two PCMs in the room are list in Table2. The physical characteristics of the two 
PCMs are summarized in Table 3 where SP29 is inorganic and RT18 is organic. 
2.2. Instrumentation and measurements 
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Two thermocouples are placed at the centre of each room to measure the indoor air temperatures. Another twelve 
thermocouples are placed at the center of the interior surfaces of the walls of the two rooms to measure the 
temperatures of the walls. The two thermocouples for the two south walls are placed on the glasses of the south 
windows. The indoor measuring points distribution is shown in Fig.3. As the rooms are placed outside, the 
meteorological parameters are also recorded. The solar radiation is recorded by irradiance sensor and the outdoor air 
temperature is measured by thermocouple. All the parameters are recorded every 10mins. 
Table 1. Compositions of the wall-materials (from interior to exterior) 
Material 
Thickness 
(mm) 
Density 
(kg m-3) 
Capacity 
(J kg-1K-1) 
Conductivity 
(W m-1K-1) 
Room with PCM 
color plate 1.2 7850 480 48 
EPS board 75 20 1400 0.04 
color plate 1.2 7850 480 48 
PCM panel 10 — — — 
Room without PCM 
color plate 1.2 7850 480 48 
EPS board 75 20 1400 0.04 
color plate 1.2 7850 480 48 
 
Fig. 2. Appearance of SP29 and RT18 
Table 2. Arrangements of the two kinds of PCM in the room 
Envelopes PCM 
east wall RT18 
north wall RT18 
west wall SP29 
floor SP29 
ceiling SP29 
Table 3. Physical characteristics of the PCMs 
Physical characteristics values 
SP 29  
Phase change temperature (ć) 28-30 
Latent heat (kJ kg-1) 190 
2196   Erlin Meng et al. /  Procedia Engineering  121 ( 2015 )  2193 – 2200 
Capacity (J kg-1K-1) 2000 
Density (kg m-3) 
1530(solid) 
1520(liquid) 
Conductivity (W m-1K-1) 0.6 
RT 18  
Phase change temperature (ć) 17-19 
Latent heat (kJ kg-1) 225 
Capacity (J kg-1K-1) 2000 
Density (kg m-3) 
880(solid) 
770(liquid) 
Conductivity (W m-1K-1) 0.2 
 
Fig. 3. Measuring points distribution sketch 
 
3. Results and Discussions 
3.1summer results 
3.1.1 Indoor air temperature 
 
Fig. 4. Indoor air temperature of PCM room and room without PCM in summer 
It can be seen from Fig.4 that, the maximum indoor air temperature of room without PCM reaches 48.0ć. For 
PCM room, the value is 42.5ć. The temperature difference is 5.5ć. The minimum indoor air temperature of room 
without PCM is 29.5ć. For PCM room, the value is 30.7ć. The temperature difference is 1.2ć. The fluctuation of 
the indoor air temperature for room without PCM is 18.5ć. The value for PCM room is 11.8ć. The PCM room can 
decrease the indoor air temperature fluctuation up to 6.7ć in summer. 
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3.1.2 Interior surface temperature 
 
Fig. 5. Internal surface temperature of walls of the PCM room (a) and room without PCM (b) in summer 
 
Fig.5 shows the internal surface temperatures of the walls of the two rooms. The six walls of PCM room have 
smaller surface temperature fluctuation as compared to walls of room without PCM.  
In addition, for room without PCM, the internal surface temperatures of the six walls are almost the same during 
all the day except for the noon, because the ceiling is directly exposed to the sun which causes the surface temperature 
to increase quickly during the noon. For PCM room, there are two kinds of PCM in the room. The SP29 melts during 
the day and freezes at night while the RT18 is all liquid during the summer experiment which causes large temperature 
differences between the six walls of different orientations. 
 
Fig. 6. Internal surface temperature difference of walls of the same orientation in the two rooms in summer 
Fig 6 shows the internal surface temperature difference between two walls of the same orientation of the two rooms. 
Where the temperature difference is: 
SR WWW  '                                                                                     
(1) 
to is the wall internal surface temperature of the room without PCM. tp is the wall internal surface temperature of 
the PCM room. 
The west wall, floor and ceiling of the PCM room which contain the SP29 have a larger internal surface temperature 
differences than the walls of room without PCM. Because SP29 phase changes during the experiment and keep the 
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wall surfaces at lower temperatures during the day and higher temperatures at night as compared to walls contain 
RT18. 
3.2 Winter results 
3.2.1 Indoor air temperature 
 
Fig. 7. Indoor air temperature of PCM room and room without PCM in winter 
Fig.7 shows that the maximum outdoor air temperature is 20.3ćand the minimum value is7.0ćduring the 
experiment. The indoor air temperature of room without PCM fluctuates between 42.8ć and 7.3ć, while the indoor 
air temperature of PCM room fluctuates between 32.1ć and 9.3ć. The PCM room can decrease the indoor air 
temperature fluctuation by up to 12.7ć in winter. Otherwise, the maximum indoor air temperature of room without 
PCM appears at about 12:00, while the value for PCM room appears at about 14:00. There is a two-hour delay between 
them. 
3.2.2 Interior surface temperature 
 
Fig. 8. Internal surface temperature of walls of the PCM room (a) and room without PCM (b) in winter 
Fig 8 shows that, the six walls of PCM room have larger surface temperature difference between each other than 
the six walls of room without PCM which means that the radiation heat transfer fluxes between the six walls are larger 
in this new type of PCM room. 
For the PCM room, the surface temperature of the floor and south wall is very high from 9:00 to about 14:00. 
Because the solar elevation angle is small in winter and the sun shines in through the window onto the thermocouple 
placed on the center of the floor. Otherwise, the thermocouple of the south wall is placed on the glass of the window, 
after about 14:00 the glass can not be directly shined by the sun which causes the surface temperature of the south 
wall to decrease quickly. In addition, the internal surface temperatures of the east and north wall are lower than other 
wallsÿ before about 19:00, but after 19:00 when the internal surface temperatures are lower than 18ć which is the 
0
500
1000
1500
2000
2500
3000
0
5
10
15
20
25
30
35
40
45
2012/11/13 9:00 2012/11/13 18:00 2012/11/14 3:00 2012/11/14 12:002012/11/14 21:00
So
la
r 
ra
di
at
io
n 
(W
/m
2)
In
do
or
 a
ir
 te
m
pe
ra
tu
re
˄˄
ć
˅˅
Time
t- room without PCM
t- room with PCM
outdoor air temperature
solar radiation
5
10
15
20
25
30
35
40
2012/11/13 9:00 2012/11/14 3:00 2012/11/14 21:00
Su
rf
ac
e 
te
m
pe
ra
tu
re
˄˄
ć
˅˅
Time
north wall west wall
east wall ceiling
floor south wall
(a)
5
15
25
35
45
55
65
2012/11/13 9:00 2012/11/14 3:00 2012/11/14 21:00
Su
rf
ac
e 
te
m
pe
ra
tu
re
˄˄
ć
˅˅
Time
north wall west wall
east wall ceiling
floor south wall
(b)
2199 Erlin Meng et al. /  Procedia Engineering  121 ( 2015 )  2193 – 2200 
phase change temperature of RT18 in the east and north wall, the RT18 begins to freeze and release heat which makes 
the internal surface temperatures of east and north wall higher than other walls’. 
For the room without PCM, the reason why the internal surface temperatures of the floor and south wall are higher 
than others’ in the noon is directly exposing to the sun. 
 
Fig. 9. Internal surface temperature difference of walls of the same orientation in the two rooms in winter 
Fig 9 is the surface temperature difference of the two walls of the same orientation of the two rooms. The two south 
walls have the smallest surface temperature difference because the heat capacity and thermal conductivity of the two 
glasses are the same. The east and north walls of the two rooms have larger surface temperature difference than walls 
of other orientations, because the east and north wall of PCM room contain RT18 which phase changes in winter.  
4. Conclusions 
In this paper, thermal performances of a new type of PCM room and a reference room are investigated 
experimentally under actual climate condition in Shanghai(31.2N, 121.5E). Several conclusions can be got.  
1ǃThe new type of PCM room can decrease the indoor air temperature fluctuation by 6.7ć in summer and 12.7ć 
in winter, the indoor thermal environment of the two seasons are all improved. 
2ǃThe six walls of PCM room have much larger surface temperature difference between each other than the walls 
of room without PCM. 
3ǃIn summer, the west walls, floors and ceilings have larger surface temperature difference than walls of other 
orientations, because the west wall, floor and ceiling of PCM wall contain SP29 which phase changes in summer. 
However, the similar situation occurs for the east and north walls in winter. 
This experiment is done for the new PCM room in a passive manner to analyze the indoor air temperature and 
internal surface temperature of the wall. Experiment in a active manner is needed to carried out to study the energy 
saving performance of this type of PCM room. 
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